Developmental analysis of the Hba(th-J) mouse mutation: effects on mouse peri-implantation development and identification of two candidate genes.
The Hba(th-J) mouse mutation is a deletion on chromosome 11 that spans the alpha-globin complex and causes alpha-thalassemia in heterozygous animals and in utero death of embryos homozygous for the deletion. We hypothesised that one or more genes closely linked to the Hba locus are also deleted in these mutant mice and that deletion of these additional genes is responsible for the embryo lethality. We have analysed the developmental profile of mutant embryos using a PCR assay to distinguish homozygous embryos from wild-type and heterozygous embryos. No homozygous embryos are detectable on Day 6.5 of gestation and morphological analysis of embryos on Day 5.5 shows that both the embryonic and extraembryonic ectoderm of the egg cylinder are reduced in size and contain degenerate cells. Preimplantation homozygous embryos are morphologically normal with the same proportion developing to the blastocyst stage as control embryos. However, the cell number of homozygous embryos on Day 4.5 is significantly reduced due predominantly to a decrease in the cell number of the trophectoderm and not the inner cell mass. When homozygous blastocysts are plated in vitro, outgrowth of giant trophectoderm cells appears similar to that of wild-type embryos but outgrowth of the inner cell mass is affected. Cells from the inner cell mass of homozygous embryos appear to undergo necrosis and dissociate from the trophectoderm outgrowth after 3 to 4 days in culture. These studies demonstrate that the development of both the inner cell mass and the trophectoderm of embryos homozygous for the Hbath-J deletion is affected by the mutation. We have used quantitative Southern blotting to show that 3-methyladenine glycosylase (mpg) and dist1, two genes closely linked to the Hba locus on chromosome 11, are also deleted in this mutation. Reverse transcriptase-polymerase chain reaction analyses demonstrate that mpg and dist1 are normally expressed by preimplantation and early postimplantation embryos, whereas alpha-globin transcripts from the Hba locus are not detected until Day 7.5 of gestation. These studies demonstrate that deletion of the mpg or dist1 genes is likely to be responsible for the homozygote embryo lethality and the potential roles of these gene products in early embryogenesis are discussed.